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[Siyi] 0037 
[XHSSUU 2002.12.30 

g§SS] METHOD OF MANUFACTURING CAPACITOR FOR SEMICONDUCTOR 

DEVICE 

OS] ^*|2|A|- SKJIM^EXII 

[ M Si ei 3 E 1 1-1 998-004569-8 

[CHBI2J] 

[CH£|°13E] 9-2000-100004-8 

[iisseaiAH bbiai siisi, ^ ai- s^u, sbiai- ^shs 

[Mi^S^Ss] 2000-049307-2 

[gg°] §S3^|] KIM, Yong Soo 

[^SJe^y^l 670808-1845710 
449-846 

sjie sejAi §^S£i s^ohum 102-405 

[5*3] KR 

imj\] m^\% iU2^2\ s\mo\ ^1^ uoi sstma. en 

B|&! ^5lS°i -6J 

£ (81) 

Pl^ftS^l 20 2 29,000 §! 

[^tfSSS] 1 e 1,000 Si 

[?^!3?§S] 0 2 0 Si 

[^Ms^s] 0 m 0 si 

[&3II1 30,000 Si 

[§¥AHH] 1. flfifAl- SA||A|(£a)_1S 
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MIS 2^ MIS ^lW^MH ALD^l ^tb A1 2 0 3 M>^o] s^a] # 

<^W>JL, A1 2 0 3 ^SW- 1^3^*1 AI2O3 W *H?-3^ Tfl^^^l 

=£33 QsLQ a> £ ^] 7]^ Aj-ofl A^aui-os. ol^o^ ^>Jf ^ 

#31; ^ ^^§5}-^ IH^IM- ^^^-^ ^ n -|/iel? B -i v 

£ 5 

XPS, tf^]4, ^sl^W^I, ALD, MIS, MIM 
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#51*11 ±7}2) n^ A )t\ *\] {METHOD OF MANUFACTURING CAPACITOR FOR 
SEMICONDUCTOR DEVICE} 

[51^ ^1 

51 1£ #£fl^ ti>£^ll 7flsflAlt| 7$\^x\ €5^3^.^ Al2 o 3 

Ul-nVo) 3}^ AlojoU ^l^^Sl-Sl-ol ^£ ^-^1- M-B]-^ ^51. 

51 2xr ALD ^efl #^^^3.n| ^-«.ofl ^aVHl A1 2 0 3 ^-§- XPS3- 

^ufl- 4E}\fl ziefl^. 
51 3^ ALD 3-^3} ^7ls)^oll #3^^- ^Jfofl #2fl^ A1 2 0 3 ^ V 

nVoj -711^ ufE^ufl 2?fl£. 

51 4^ ALD ^ A1 2 0 3 ^4^-§: 5.^ . 

^51. 

51 6^ ALD ^ ^Ms)^ 4sf A1 2 0 3 ^11" ^-^H 4 

51 6^1^ (A)fe Si0 2 ^ V ^-°J £ M-E}ifluL, 

(B)^ tsH^ol ^e^em^ M-^. 
*51^ ^A^oil cflfj- «-Jro) ^ 
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50 : &S.^ 7}# 
52 : 

54 : *F¥-#^ 

56 : A1 2 0 3 ^ 



51 : %-l}^<&^ 

53 : 

55 : Si0 2 



<14> HV£^1 7fl3fl^Bl ^S« 0 >^oll ^ ?ASLS., %A%^ 

(Atomic Layer Deposition; ALDH1 ^ M-(A1 2 0 3 ) ^-g-tb ^r£^l 

<is> *flH.e]>i (memory cellH *r-8-5)fe 5M A 1 E 1^ ^S^^l (storage 

node)-g- S}^^, -fr^^, ^ (plate)-g- ^^d^S °1^M*1*14. Sitt, 

jl^ajSH 4ef #i^Br ^1^^ ifloflA-] ^ ^5]^ ^ 25fF2] 
7l 3*H, 7fl3flA]E^ ^ol^ 7 > ^ MPS(Meta-Stable PolySilicon) l-*r ^fl^^l^l 

<16> zl&im-, ^M^l ^oi^ Aiz^tb^ls. °i*H ^ #7M^ *r 

, -fr*l^ ¥^*HH leakage current) <&*H ¥*H #4^1 zJ 

*r §314. itj-eH, ^e^lfe ^W<+Sr^(Ta 2 05), ° S V ^1M-(A1 2 0 3 ) , SBT ^3 JL-S-^ 
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JL-fi-^ # Ta 2 0 5 , A1 2 0 3 ^- *113*r3l^ o}z\ ^ tfl^b °W 

«K£*fl i*} ^HH nl^l^ ^ofl cfl^V ^^. 7 > D) #o] oicf. 

^ Ta 2 0 5 ^ 20-253 ^ -fi-3l^§- £*1 D J:, ^-^<^^-^b]s. 
(Metal-Insulator-Silicon)3 MIS ^2: 7fl sfl a] ofl *-g-Al ^-^dT- j=^o] Teq ox7> 

35A ¥^fr afl-f W cl«H^ tfl^ ^-^o] ^0] 

^171 nfl^-ofl, Ta2 o 5 iLcf^ cf^ ^ -fr^-irC e = 9)# «1£ 
>i«fl^ £.2-$ (valance band off set) Teqox7|- ^£ ^r^^r 

£*r*l ^ A1 2 0 3 MIS ¥2:t4 ^ 3"-^ €- 

(Silicon-Insulator-Silicon)^ SIS 3H sfl ^ o\] SX^. 

<i7> A1 2 0 3 ^£ ^7>#^a}-(Atomic Layer Deposition; ALD) -£^H 3*ti 

TMAdrimethlyaluminuml; A1(CH 3 ) 3 )1- *r-§-*r^ £-§-1-^ h 2 0(^7] ) £E 
¥ 0 3 /H 2 0 2 ^ ^zj-^cfl, ojnfl A l 2 0 3 (amorphous) #Efl5. # 

^7l ^3]- ^ A1 2 0 3 ^3"§- ^^^7171 3= 850°C °1#3 JL^)^ <g 

*r«8*H°> MIS M" SIS ?2 7fl3flAlBloflA^ <5}«-*i^-o) 

(10)3 A1 2 0 3 W(ll)# h)^, ^71 ai^^s] 4^ 

<^*\ A1 2 0 3 ^(11) vfl3 0H-^^-(bonding)4 ail$M&-g-( exchange 

reaction)^ 3*fl, <>1# 7fl*3 *f°H Six0y( 100)3 Tfl^W^W *$^S\o] 7fl3flA|^^7} 
7^>€ ^ °Hsr JeL3Hhi}£ ^^«fl^7fl €tf. 

<18> ALD ^ofl 3] SH f-^el^KlO) A1 2 0 3 «Wll)^ 

XPS(X-ray Photoemission Spectroscopy) S. ^«fli^, S. 2°ll ti}3- £o] ; ^ 
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E^ (sputtering) ¥^#^4, ^ A1 2 0 3 44(11)4 #3^^4(10)4 7)}^} 

44£t^ Al-Al 4^41 *fl44fe 43(peak)7}- 444^ ^ 544. -E- 2«M (a)4 
(Mfe ^ AlS, ^ Al2 0 3 MVnKg- 4= a°H4 **J« ^43. £o] 7 \ (a)<(b) 6 J 3 
-f °14. Al-Al 4^ Al #e^4(cluster)4| 4tr ALD°1] A1 2 0 3 444 

f^Hlfe °l^tb Al #e^E^l <3}sfl 44 A RK incubation timeW ^-S-44. ^r, £ 
3^r ALD ^4 -7l( C ycle)5l^l 44 ^^^4 4^«H #44 f^4 A1 2 0 3 44 
o) ZLEflH5.4, £ A 14 44 ALD <^ti}^o.S £^144-5- 

^44 fKsurface limited reacting mechanism)^- 4^-7] 4?^-°fl ^7]S)^7> ir 71-44^ 

A1 2 0 3 44 ¥^4 ¥^44fe #3 ( linear 7>444, 2:71 ^ Sj4 ^1 

Al-0 ^4iL4^ Al-Al ^4°ll 44 Al W-z\^]7} ^ ^-oj^: A1 2 0 3 44°1 

^44 ^4^. 44^14(TH ll^Ji, ^4^-^-S. oialtr 44^14(T) £4 ^4 
^^34 Al <i)sfl ^H§^S( leakage path)7]- ^^i, °H 4s]. ^j-o] ^ 

^01 ^^47fl 4 ^ ^-47> 4^4?11 44. 

<19> ole-]*]- Al #Ei^Ei7> ^4tt ^<?1£: Al 2 0 3 44°1 ^4fe 4^44 4 

314 4?H 54^1, on- ^*}7)°\] £3 4^-5-^1 44^ 4^- 

ALD Al 2 0 3 444 1H4^ £ 4 ^ 4714 (4§-^i)(4-§-42)l- f-4^ 

U*3*4. 

<20> (tiV-g-^l) A10H* + A1(CH 3 ) 3 -A10A1(CH 3 ) 4 * + CH 4 

<2i> (ti>-g-42) A1CH 3 * + H 2 0 ->A10H* + CH 4 
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< 22 > ^x] t s. 4^ (aH 4£f ^-o] ( OH 7l7> 7l^o)] TMACAl (CH 3 ) 3 )» ^g- 

#*>^, C^r-S-^l) % (bWM^ £o|, A10AKCH 3 ) 4 *7l- CH 4 fe Ar4 

5)^)711^1 2]^ ^i^jl, (c)ofl M-tM 44 A10AKCH 3 ) 4 *7l- 

S^ofl h 2 01- (^r-g-^2) ^ (dHl*14 ^l, A10H*7j- *§^5\3L ^# 

<?} CH 4 fe 2] 4 71^1 Sl^fl ^ ^<LS. ##34, 44tr 43 "i: 1^71 S. <sH 

«*Rr ^M: t 5fl4. ( ti J:-§-^l)( ti J:-§-^2)^^ ( [ ££^4 

(surface state)* 444^ 1143 ^-5. JlSflS.^ Jl*114 ^e] 34^ 4 

^(repeatability)^] £4 nflg-ofl 444 4^- ^44 W» o] f S ^ 

-S-Bflej-jl 44, OIE^ £^4^7 JL3H4^ ^3^4 &4 tij-g-o] 

<23> O^H, A1 2 0 3 44°1 ^^fe 7l3£, ^ 4444 ^7] £4 ^"^71- A10H * 7} 4 

4 Si iE^r C, H, 0, m ^443 # -rr5L44 44, A10A1(CH 3 ) 2 44 

Al4 Si^] z]^ ^J:4-§-4^ ^HH 44°11 Al #^4« -ft^44 

44. 3^, TMA4 Al 3+ °]£4 444°)! €^Hr 44^ ^Jl4-§-4 2]44^ Al # 
5^47} ^€ ^ £L°4, ^1 N+ 5^4 l-el^5]^^ 441^ 7>X]J7 

5U4 nfl^-ofl ="4^4 A1 #e^Eil- 4 ^Tfl 44. 

[^ol ol=^> 7]^^ 441 

<24> £ ^ o. ^ 7 -|^ #Hfl7]#^] g-T)]^ «fl^*V7l 4 *}°) 444 MIS 

5Ett MIS ^4 444444 ALD4 44 A1 2 0 3 444 ^4*1 4^-44 2:7144 
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f^Vol cl=^^]£S. ^)o| ##Ajo} A-l ^^]S>J1, A1 2 0 3 H -I c -| 

3 ^sj-t- « 1^3^*1 A1 2 0 3 *HM^ Tfl^^ 

<25> Aj- 7 ]o| 7)^3 ^*>7] ^- ^ ^ofl ^5^, Aj-^o^ M. ^ 

^1 ^O] <&^£ a_V£^l 71^ A o >o]| Aj^SnVO^. ojJfLo^ 3T>-^^1^ 

Aj.«6fl 0^14 ^*Hr #31; W^IM- 1*|e]*H 

Ol^.^^ tf^-^-g: ^^Kr #31* SLWtt ti>£^l ^A>S] 7fl3flAlE| ^1^^}-^ ofl o] 

<26> W>^*I*M1, Aj^SAj-5}. trt-uKg. ^^^j. ^jo.^. ^-A]-^- Sfe ^"A^ «<H 

HWal, ±£-^3-*\ SiCl 4 , DCS S^r HCD# ^-g-^jl, 

tiV-l-^^^ h 2 0, 0 3 3^ H 2 0 2 « ^>-§-*>ol, ^sle ^.2-^ £ ^^-a] ^ 

4 103: ol^-S 2:^4. jE*h ^b1sa>5|. hi-t^o. 200 °c °}*}$\ 10 A ol*> 
sl D^W. 
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tiV-§-^^^i H 2 0, O3, H 2 0 2 1- *}-8-3M 100 A ^lS. 3=3:, 

^4^2]- ^^A] oflui^^o.^ #^n># AV-g-^ji, f^£fe ^£ ifl^l 500°C^ 

<28> SE^, <£^14 ^^sl^ 600 °C °1^ ££°1H N 2 B~ 0 2 ^7]S ic^ 

<29> o]^, £ li^oj ^ 7)^°\o\)A] Z\q-£ £ il4 -g-O] 

*}t!1 ^A]^ ^ 5-1-71 £ ^Ajcfll. ^flSMS ^Cf. 

<30> £ 5 ^ M. tg-tgdj ^AHHl 4^ «> £ ^ >g^*l-7l 

^-^£°14. 

<3i> J£ 5S ti*}^ , H3£*l^ ^ tilH^^l ^ i^S} 

7l#(10) 4H1 #7i^^BV(51)^r UWjI, 71^(10)2} <H^7f #?J^<£^ 

(51) ^- ^4*H ^^*^r OL nf^-, SHfl^ofl nfl^^s. #7i^^^-(51) 4 V 
-M ^e^^^ ^ H^i^ ^7M1^4(Chemical Mechanical 
Polishing; CMP) ^o}^ ojl*l«j}( etc h-back) #^-^^^(51)^ X^o] 

(52) ^r ^^B^^H e^^.^ 4^4. 

< 32 > zl 4^-, 71^: ^ Aj-ojj PSG^/PE-TEOS^S. ^l^^^l ^5^(53)^: ^ 

#SiZL(52) ^ ZL ^7}- 7fl3flAlE-l ^^(53)^. ^Z^o} 

5«^-g- iHlL>4. ^ ^ , * ^ ^>5l-^-(53) ^^(54) 
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# %^^Jl, CMP 6fl^l^^ o.s ?W^Ei #3^(53)^ S^o] 

^5*^1 ^r, ^-¥-^(54)^ *H ^^(54) SUM MPS#^ ^r^ 

^(54)51 a^^^- ^tflAl*fl - ^4. n t}-g-, PHgl- *P?-^(54)-fr 
S>JL (furnace annealing) ^£.3. ^^^1- n^J 

<33> zl * , ^^^-(54) #^fl (catalyst )-ALD ^ ^l-^^-(in-situ) HLfe 

^i-Al^-(ex-situ) 200°C 10 A °l^r ^^^sKSi0 2 

) wVni-( 55 )^. ^^tr4. °H, ALD^fl 2R> *1£*3H ^*fl Si0 2 W(55W 
7} 2A <^K] -3-^^: D -}AS ^^^4. ^rlH^l, # c fl-ALD i^iS 
^ SiCl 4 , DCS (Diclorinesilicon; SiH 2 Cl 2 ) HCD» Aj-g-^-ji, ^-§-^^^i H 2 0, 
0 3 2~ H 2 0 2 1- ^V-8-*H, i^-i ^ «V-§-4i^ ^a] #ufl5.Ai 

(pyridine)^- A r -§-*H ^^^Jl, a>^^^ *3 5J)*H# 

£ ^4 103: 

<34> zz cf^- ; Si0 2 ^"^-(55) #0}) ALD Al iiil^l TMA# A]~g-£}ji «>-g-^ 

j^i^ h 2 0 ( 0 3 , SE^ H 2 0 2 # *H-*H A1 2 0 3 ^(56)^: ^, A1 2 0 3 ^(56) 

-§- ^^e)*H ^3^4. «>^*>>ll, ALD ^a] #Bf^4* ^t}jL 

, ^^JEtt ^£ 500°C, 3* h>^*V7I1 200 vfl^l 500°C5. 2^1^, A1 2 0 3 ^ v 
*K56)£ 100A °l*r^ Stb, A1 2 0 3 ^(56)31 I^tt 600°C °1 

#2} ££.0^ n 2 5&fe 0 2 ^-^71^ i.^ 1 ^ 5£^r 3 (Rapid Thermal Process; 

RTP) ^^.S, ^3)tr4. ^H, ALDofl A1 2 0 3 u -l^(56)^ , ^3-2.^2] 
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^#^■(54) S.^) Si0 2 W(55W1 A1 2 0 3 W(56)<>1 #4*1 # & 

°] ^7}if-B\ #4°1 0^444. £ 6 o. ^ -g-^ojl oj^j. ^7)21^] 44 

A1 2 0 3 ^nV^ 44 ulJE^C^ 44^fl ZLSflHS.^, ^^o] S i0 2 

(A)2l ^-f *Hr-*M i-el^^ 1 ^ (B)fil ^-f^- #4*1#(T)<>1 ^ja. &7ll 

£A]s]4^ #5**1 tt, Si0 2 ^(55) ^£ A1 2 0 3 ^ v (56)-i- 
XPSS. ^Hflfif ^ Al #^^^7} ^4*1 g^g- 6>44, Al 2 

0 3 4^(56)^1 ^^44 Si0 2 *W55W ^ SixOy^ Tfl^Sr^l ^344 

<35> n. £444^ Al 2 0 3 *W56) tf-M ^^l^M- *§^*H 

^*Hr3l, ^40.5.4^ TiN^ 04 Ru4# 4-8-*Vji, ^^3-40.^4^ £^44 

447l^4(Low Pressure-Chemical Vapor Deposition; LPCVD) ^3 £.3. W. S£ 
tb, ^^£-5.*1 TiN^ a>-8-*>^- ^4-, TiN W£ ALD 4 CVD 
S ^^^4, ALD ^o]4 CVD ^*j°.S ^1 1 TiN^ ^ l-^7]^-#4 

(Physical Vapor Deposition; PVD) ^^SLS. *\] 2 TiN^ 2f^°.S 

<36> 47] ^H°H 4«4^-ol ^2]as[o S MIS 5Efe SIS ?fl4 

a1eH*1 ALD^l Sltr A1 2 0 3 W Si0 2 
ai 2 o 3 ^-g- #4*1 ^l-^ #44^ ?H n^fl^iji ^-^4 Al #&|>i44 
»<2b °>M^, ^SHt fl* A1 2 0 3 ^44 7fl4 
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£ 71^^ ^ ^ ^HH ^3 *l«r, ^ £ 

<38> a. MIS S^r MIS ^2:^ 7fl3l]AlE^ollA^ ALD°ll A1 2 0 3 ^ 

<*^}JL, A1 2 0 3 ^Sj-l- ^t!r l^^cH A1 2 0 3 ^4 31 
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WW 1] 

#31; 

2] 

A l %H1 $M>H, 

^7>S] afl^^. 

[3^* 3] 

*n i ^ a] 2 sw^i, 
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^7} Qt}^^ iOA^ SiCl 4 . DCS iE^r HCD1- ^-g-^ji, 

H 2 0, 0 3 Slfe H 2 0 2 1- *}&*\^ 7 A-=r ^SLS. t}^ «V£*fl 

5] 

all 4 ^Hl 5^1, 

^-71 ^7>f^ i-SLi ^ ^"71 niii ^a] sf\z\ 

6] 

*fl 4 1H sa°i-H . 

A o V 7l ^ ^71 l^-g^iL^ ^A]^; ^ Z}Z}- 10^ o]^> 

3. ^ ^iLS. 5">^ *}S.Z]} ^7}S1 7fl3flAlEi *fl2:« 0 >^. 

[3^*8" 7] 

^ 3 %H1 Sl^H, 

#7l ^£ 200 °C *]£oH ^ tiV£ 

*)) Jl7>^ ^A^ ^H}-^. 
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8] 

A 7 *M 3X°]*\, 

^■7) 10A °1^ ^*Kr ^-i- *Rr tij-S^l 

[3t^ 9] 

*11 1 %H1 $Z<H^1, 

^PlM- *3 £-3. ^*Rr ^ O.S. *}*r ^H^l 

i*}o] 7fl 5(1 ^ E) 

[3^* 10] 

4 9 *M 

0, O3, 5E^r H 2 0 2 # 4-§-*H <r«8*Hr ^ #51*11 ^M^Ei ^11 

11] 

*fl 9 SEfe *fl 10 %H1 9X°]*], 

51*1] ±7>}2) 7)]S))A1E-1 ■ 
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12] 

A] 11 %H1 

13] 

1 9 ^Hl &<>H, 

[^"t 14] 

*H 1 %H1 

#7l l^^r 600 °C £-;£o)j N 2 Hl^r 0 2 ^-^7lS ^SHr ^ ^ A 

15] 

*ll 14 *M &°H, 

*VE*ll i:7>^ 7fl3llA}E^ ^2:^. 
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[3^* 16] 

*n i ^ &°h, 
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4] 

CH 3 CH 3 

A A 

CH 3 CH 3 CH 3 CH 3 
OH OH OH OH OH 
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(c) 



(d) 



IS. 5] 

50-e^; 



4-51 
-50 
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15. 6] 
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